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SUBJECT: Research Report No. 377; "Accidents on Rural Interstate and Parkway Roads 
and Their Relation to Pavement Friction," KYHPR-64-24; HPR-1(9), Part II. 
Report No. 339, dated September 1972, bore the same title as shown above. The previous report 
was based on 1969 traffic volumes, 1970 accident data, and 1971 skid-resistance measurements. The 
report now submitted is based on the same 1971 skid data but 1970, '71, and'72 accident data, and 
1971 traffic volumes. It seemed necessary to re-analyze the first trends in terms of more contemporary 
data. Accident data extends through the year before and the year after the skid measurements were 
made. The re-analysis confirms the trends previously obtained. 
The Interstate and Parkway systems provided test sites on a grand scale. Accident reporting and 
retrieval procedures provided by the Department of Public Safety and AADT's provided by the Division 
of Planning -- combined with our skid tests -- made the analysis possible. The same survey or inventory 
of skid resistances was used in the 1974 Interstate Cost Study. 
The report, as did Report 339, addresses straightforwardly various contexts in IM 21-2-73 (transmitted 
by FHWA, August 10, 1973) and PPM 21-16 (May 3, 1972) insomuch as it establishes a critical skid 
resistance for 70-mph highways (SN70 = 27) and an inventory of the Interstate and Parkway systems 
(for 1971). The fact that pavement sections fell below the critical value is unmistakable. The skid test 
inventory is included as an appendix to the report. The analysis does not indicate how much margin 
of safety above the critical value should be provided nor does it, in fact, establish an SN70 of 27 as 
a minimum standard. However, recognition of the critical value, together with other weighting 
considerations, will surely guide the establishment of goals or minimum standards of skid resistance for 
70-mph highways. 
Performance equations for bituminous and portland cement concrete P,_avements developed in Report 
No. 331 (also see STP 530, ASTM, April 1973) are given below: 
Bituminous Concrete: 
or, 
SN70 = 51 - 4.1 In (Cumulative Traffic x 10"
5) 
SN70 = 98.2 - 9.4 log (Cupmlative Traffic) 
Es = 6.6 
R = 0.638 
Portland Cement Concrete: 
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or, 
SN70 40 3.3 ln (Cumulative Traffic x 10"
5) 
SN70 78 7.6 log (Cumulative Traffic) 
Es = 4.3 
R = 0.734 
To obtain a 99.9% assurance that these pavement surfaces would not become critically slick, the respective 
mean values would have to be not less than 27 + 3 E8. For instance, if we assume that E8 is constant 
for each type of pavement, 27 + 3 Es is the mean value of SN70 to be sought for a given number 
of vehicle passes. However, using the performance equations, we obtain: 
Bituminous Concrete: 
27 + 3 x 6.6 = 98.2 · 9.4 log (Cumulative Traffic) 
Cumulative Traffic = 2.88 x 105 
Portland Cement Concrete: 
27 + 3 x 4.3 = 78 · 7.6 log (CumulatiVe Traffic) 
Cumulative Traffic = 1 .04 x 1 05 
If there were 10,000 velticles per day in the lane considered, the 99.9% confidence limit would be assured 
for 29 days for bituminous concrete and 1 0  days for portland cement concrete. To obtain the same 
degree of confidence through 10  or 20 million vehicle passes with some other type of surface -- assuming 
the same scatter or variability -- its mean value at 1 0  and 20 million vehicle passes would have to be 
27 + 3 Es ·· that is, the mean values would have to be 47 and 40, respectively. However, the same 
degree of confidence could be obtained with a surfacing material having a mean value of 30 if Es :;:: 
I and 27 + 3 Es = 30. 
The performance equations cited are based on low-season measurements; for the greater part of 
the year, the mean values would be higher. The data were not stratified or sorted with respect to sources 
and types of sands and limestone coarse aggregates. 
Extensive project ltistories are needed to establish performance equations and to fully qualify 
sand-asphalts (Special Provision No. 59-C) and Open-Graded Plant-Mix Seals ·· as presently being tested 
on US 3 1  W north of Elizabethtown. Lightweight aggregates and slags should be evaluated in the same 
way. Interim decisions addressing portions of IM 21 -2-73 seem unavoidable. 
In order to provide similar guidance for other primary routes (specifically those with posted speed 
limits of 60 mph), we are submitting (as an attachment hereto) a copy of a graph, from a pending 
report, showing critical values of skid resistance measured at 40 mph. A value of SN40 = 44 is apparent. 
Tills is equivalent to about 32 (bituminous concrete) and about 30 (portland cement concrete) at 70 
mph. A higher demand for traction is indicated on roads with uncontrolled access although the posted 
speed is lower. 
The performance equation for bituminous concretes on primary routes other than Interstate and 
Parkways (also from Report No. 33 1 )  differs somewhat from the one previously cited. There was not 
sufficient data to develop a comparison equation for portland cement concretes. The bituminous pavement 
equation is given below: 
or, 
66 · 8.3 ln (Cumulative Traffic x 10·5) 
SN4o 1 62 · 19.1 log (Cumulative Traffic) 
Es = 5.9 
R = 0.636 
Letting SN40 equal to 44 + 3 Es, as before, 

44 + 3 x 5.9 = 162 · 19.1  log (Cumulative Traffic) 
Cumulative Traffic = 1.68 x 105 
By comparison, the performance of bituminous concrete is a little more favorable on Interstate 
and Parkway roads than on Primary routes. However, neither asphalt nor concrete pavements are shown 
by these analyses to qualify for long-term service under the conditions defined. If a confidence level 
of about 95% had been assumed, we would have obtained the following: 
Bituminous Concrete (Interstate): 
27 + 2 x 6.6 = 98 · 9.4 log (Cumulative Traffic) 
Cumulative Traffic = 1 .39 x 1 06 
Portland Cement Concrete (Interstate): 
27 + 2 x 4.3 = 78 · 7.6 log (Cumulative Traffic) 
Cumulative Traffic = 3.8 x 1 05 
Bituminous Concrete (Primary): 
44 + 2 x 5.9 = 162 · 19.1 log (Cumulative Traffic) 
Cumulative Traffic = 3.42 x 105 
A possible recourse or interim measure, not mentioned in IM 2 1-2-73, would be to limit wet weather 
speeds to such a level such that the stopping distance would not exceed that of a vehicle traveling 
the posted speed (presumably the dry weather design speed). A relatively high percentage of pavements 
would meet this condition if 70 mph speeds were reduced to 45 mph and 60 mph speeds were reduced 
to 40 mph during wet weather. We are unable to cite statistics to verify the effectiveness of this action 
if it were to be implemented. 
Intuitively, at least, I believe that sand-asphalts now described by Special Provision No. 59-C will 
provide a minimum variability and a minimum loss of skid resistance with time and traffic. The speed 
gradient (loss of skid resistance with increasing speed) may prove to be higher than for Open-Graded 
Plant-Mixed Seals. However, I expect Open-Graded Plant-Mixed Seals to polish more under traffic (lose 
skid resistance) but maintain a low speed gradient. Sand-asphalts, as now described in Special Provision 
No. 22-C, may qualify in time for 60-mph speeds. Additional performance histories are urgently needed. 
JHH:dw 
Attachments 
ee1s: Research Committee 
Respectfully submitted, 
SJ#� ;/�������) ./ 'Jas. H. Havens 
Director of Research 
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INTRODUCTION 
To assure safe highway travel in wet weather, 
pavements must be designed to have sufficient and 
enduring skid resistance to enable drivers to perform 
"�ormal" driving tasks without risk of skidding and( or) 
loss of vehicle control. In emergencies, a driver may be 
compelled to brake hard and, with conventional braking 
systems, may experience skidding regardless of how skid 
resistant the pavement may be, Anti-locking brake 
systems minimize the risks of skidding and permit the 
driver to retain directional control of the vehicle. Any 
vehicle will skid, with potential loss of control, when 
the demand for braking force exceeds the tractive force. 
As friction (traction) increases, greater deceleration is 
available, and a driver's chances of avoiding collision or 
skidding off the road are increased. Ideally, wet 
pavements should provide as much traction as dry 
pavements. In a practical and realistic sense, however, 
the question remains as to what minimum level of 
friction a pavement should provide to safeguard the 
public from undue hazards associated with wet-weather 
driving. Little satisfaction derives from merely 
maintaining a friction level at or near a critical value. 
The critical value, however, may serve as a criterion for 
posting wet-weather speed restrictions and for design of 
surface courses providing a due margin of safety. 
Investigations elsewhere to establish minimum 
friction requirements fall into two categories: (I) studies 
of driver behavior and, therefore, frictional demands 
attending driving tasks and (2) analysis of accident data 
and accident experience as related to paver .. ent friction. 
Studies in the first category represent a logical approach 
but involve extensive monitoring of representative driver 
populations under realistic roadway conditions and 
situations. Interpretations as to what constitutes 
"normal" as opposed to "emergency" reactions or 
situations present a problem. Friction factors thus 
derived cannot easily be related to skid resistance 
measured with conventional testers (such as trailers) 
operated under prescribed procedures and conditions of 
test. 
Accident rates have been recognized as being higher 
on wet than on dry surfaces; many statistics are available 
to support this intuitive conclusion. Furthermore, 
research has shown that accident rates tend to increase 
as wet skid resistance dimini�es. This relationship is 
now considered to be intuitive and a priori. However, 
the interaction of many contributing factors such as 
roadway geometries, traffic characteristics, driver 
behavior, etc., together with uncertainties concerning 
reliability an�. availability of accident data, type of 
friction measurements, and type of analysis have 
heretofore obscured relationships between accidents and 
pavement friction. 
The primary objective of this study was to discern 
a relationship between accident experience and 
pavement friction for rural, four·lane, controlled access 
roads on the interstate and parkway systems in 
Kentucky. A preliminary report (1) on this phase of 
the study was issued previously. These highways were 
purposely chosen for this initial analysis because many 
of the usually confounding variables could be assumed 
to have minimal influence. A similar study of other rural 
routes is nearing completion. Subsequent evaluations of 
such a relationship in conjunction with economical and 
technical considerations will surely guide the 
establishment of minimum levels of friction. 
To define a relationship between accidents and skid 
resistance, the effect of all other parameters must be 
known or held constant insofar as possible. By limiting 
the study to rural, four-lane, interstate and parkway 
facilitieS, some of the parameters, such as road 
geometries, access control, and speed, may, be assumed 
to remain reasonably constant. Traffic characteristics 
(volume and density) and pavement surface conditions 
(wet or dry and skid resistance when wet) are, 
respectively, the regenerative and causative factors. 
Annual average daily traffic volumes were obtained 
for 1971. Accident data were those reported during the 
calendar years 1970, 1971, and 1972. Pavement friction 
measurements were made between June and October 
1971 on 770 miles (1240 km) of the interstate and 
parkway systems. Both locked-wheel and peak slip 
resistances- were measured. Peak slip resistance reaches 
a maximum when the rolling velocity of the wheel is 
80 to 90 percent of the vehicle velocity. This difference 
in velocity may be attributed to shear strain in the tread 
rubber and(or) slip between the tread rubber and the 
pavement surface. However, it seems most likely that 
maximum tractive resistance is achieved when the shear 
strain in the tread rubber is greatest and actual slip is 
least. This peak resistance is often referred to as 
incipient friction and exceeds the resistance measured 
by the locked-wheel method. In normal driving, the 
vehicle operates in a pre-slip and cornering mode. 
Therefore, both locked-wheel skid resistance and peak 
slip resistance at various speeds .. or some other type 
of measurement -- may be needed to fully characterize 
pavements. The measurement(s) which best correlate(s) 
with wet-w!'ather accidents remains to be established. 
PAST STUDIES 
In Great Britain, Giles (2} and Sabey (3} noted that 
the percentage of wet-road accidents involving skidding 
correlated linearly with skid-resistance (Figure I) as 
measured with the British Portable Tester. Minimum 
friction levels, based in part on this correlation, were 
recommended. Those recommendations of minimum 
skid resistance were: (l) 55 for tangent, level roads and 
(2) 65 for curves, intersections, grades and roundabouts. 
McCullough and Hankins ( 4} stu�ied skid resistance 
and accidents to set guidelines for surface improvements 
on Texas highways. They investigated 5 1 7  road sections 
and measured skid resistance with a trailer at speeds of 
20 and 50 mph (9 and 22 m/s). Accidents were 
expressed in terms of both fatal and injury accidents 
per 100 wjllion vehicle miles as well as total accidents 
(including property damage accidents) per 100 million 
vehicle miles. McCullough and Hankins also considered 
measures of accidents in other terms but indicated three 
60 1959{1960 
• 
Summer months 
(April to September) 
0 
50 
Winter months 
reasons for choosing the final exPTessions: 
1 .  Virtually no differences were observed in the 
preliminary investigation using the different 
measures of accidents -- i.e. total accidents, 
wet-road accidents, or skidding accidents. 
2. Classification of accident data so as to obtain 
the other measures of accidents was time 
consuming, and the number of skidding 
accidents was unreliable because it was 
difficult to determine a skidding accident 
from available accident statistics. 
3. Fatal and injury accidents were selected to 
avoid incomplete reporting of accidents since 
these were virtually always reported. 
From graphs of accidents per 100 million vehicle 
miles versus coefficient of friction (such as Figures 2 
and 3), McCullough and Hankins concluded that, even 
though there was a wide scatter of points, the data 
indicated accidents were, in general terms, inversely 
proportional to the coefficient of friction. Similar trends 
(January to March, October to December) 
•• 
Correlation coefficient= 0.9 2 
Regression line: y =-1.3 x+112 
• 
• 
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Figure I. Relationship Found in Great Britain 
between Mont"ly Frequency of 
Wet-Road Accidents Involving Skidding 
and the Mean Skidding Resistance in the 
Month Concerned (from Skidding 
Accidents, Institute for Road Safety 
Research, SWOV, The Netherlands, 
1970). 
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Figure 3. 
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COEFFICIENT OF FRICTION AT 20 M.P_H 
Comparison of Accidents and Coefficient 
of Friction at 20 mph (9 m/s) (from 
Reference 4 ). 
Of 
COEFFICIENT OF FRICTION AT 50 M.P.H 
Comparison of Accidents and Coefficient 
of Friction at 50 mph (22 m/s) (from 
Reference 4). 
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and observations were determined by comparing both 
fatal and injury accident rates with coefficient of 
friction. Based on these findings, McCullough and 
Hankins recommended minimum friction levels of 0.40 
at a speed of 20 mph (9 m/s) and 0.30 at 50 mph (22 
m/s). 
Minimum friction requirements (Table I), as 
measured with the skid trailer (locked-wheel) for 
different mean traffic speeds, were proposed by 
Kummer and Meyer (5). In that study, driver behavior 
and skidding accidents were correlated with pavement 
friction. However, recommended minimum Skid 
Numbers (SN) were based on driver behavior only and 
were intended to satisfy tractional demands for normal 
vehicle maneuvers encompassing all driving, cornering, 
and braking maneuvers performed by a majority of 
drivers under normal traffic conditions. Kummer and 
Meyer also recommended that friction measurements be 
made at the mean traffic speed, thus eliminating 
uncertainties of using predetermined skid 
resistance-speed gradients to extrapolate skid resistance 
values to other speeds. 
4 
TABLE I 
RECOMMENDED MINIMUM 
INTERIM SKID NUMBERS" 
(From Reference 5) 
MEAN TRAFFIC SKID NUMBER 
SPEED 
(mph) (m/s) 
0 0 
1 0  4 
20 9 
30 1 3  
40 1 8  
so 22 
60 27 
70 3 1  
80 36 
SNb SNc 
60 
50 
40 
36 3 1  
33 33 
32 37 
3 1  41  
3 1  46 
3 1  5 1  
aSkid Number measured in accordance with ASTM 
E-274 Method of Test. 
bsN .. Skid Number measured at mean traffic 
speed. 
csN40 .. Skid Number, measured at 40 mph ( 18  
m/s), including allowances for Skid Number 
reduction with speed using a mean gradient of G 
= 0.5 SN per mph ( 1 . 12  SN per m/s). 
Mahone and Runkle (6) studied 521 road sections 
and 2,727 accidents on 3 1 3  miles (504 km) of interstate 
highways in Virginia to determine relationships between 
the percentage of wet-weather accidents and Predicted 
Stopping Distance Number (PSDN). Friction 
measurements were made with a skid trailer 
(locked-wheel) at 40 mph ( 18  m/s) and were converted 
to PSDN by correlation. Accidents were expressed as 
a ratio of wet-surface accidents to total accidents 
(including property damage accidents) (Figure 4 ). Two 
reasons were cited in justification of the choice of this 
ratio as a measure of accidents: 
I. It was undesirable to be limited to the use 
of skidding accident statistics, since 
inadequate friction could promote accidents 
not reported as involving skidding. 
2. It is sometimes impossible to determine from 
accident reports if skidding was a major 
contributing factor. 
Mahone and Runkle observed that, in most cases, 
the percent of wet-weather accidents decreased as the 
PSDN increased and that, if traffic volume was a factor, 
apparently the percent of wet-weather accidents was 
lower with increased volumes. They concluded that on 
interstate roadWJ.ys with a mean traffic speed of 65 to 
70 mph (29 to 3 1  m/s) the minimum PSDN should be 
42 for the through lane and 48 for the passing lane. 
Moore and Humphreys (7) studied 75 hlgh-accident 
sites, each one-half mile (0.8 km) long, in Tennessee. 
The sites involved 450 accidents in 1967. Skid-test 
(trailer) measurements were made in 1969, 1970, and 
1 97 1 ,  and the analysis was based on 40-mph ( 1 8-m/s) 
test data. Percentages of wet-pavement accidents were 
related to coefficient of friction. They concluded that 
accident reports do not adequately indicate whether skid 
resistance is a significant factor in a particular accident. 
However, pavements with coefficients of friction of 0.41 
and less had almost twice as many wet-pavement 
accidents as surfaces with higher skid resistances. It was 
recommended that the minimum acceptable level of skid 
resistance should be a coefficient of friction of 0.40, 
as measured by the locked-wheel skid tester at 40 mph 
( 1 8  m/s). 
In instances where speeds and( or) highway facilities 
were comparable, minimum levels of friction 
recommended by different investigators have been in 
general agreement. For a mean traffic speed of 70 mph 
(3 1 m/s), Kummer and Meyer (5) recommended a Skid 
Number of 46 at 40 mph ( 18  m/s). Mahone and Runkle 
(6) provided a means of converting measured PSDN to 
SN at 40 mph ( 1 8  m/s). Using an assumed speed gradient 
of 0.5 SN per mph ( 1 . 12  SN per m/s), they 
recommended 40-mph ( 1 8  m/s) SN test values of 40 
for traffic lanes and 47 for passing lanes on facilities 
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Figure 4. Comparison of Percent Wet-Surface 
Accidents with Predicted Stopping 
Distance Number for Traffic and Passing 
Lanes (from Reference 6). 
operating at speeds of 65 or 70 mph (29 or 31 m/s). 
Moore and Humphreys (7) suggested a minimum 
coefficient of friction of 0.40 (SN = 40) when measured 
at 40 mph ( 1 8  m/s) for highways with posted speeds 
of 50 mph (22 m/s) and higher. McCullough and 
Hankins ( 4) recommended a minimum coefficient of 
friction of 0.30 (SN = 30) at test speeds of 50 mph 
(22 m/s), and this is approximately equivalent to a Skid 
Number of 35 at 40 mph (I 8 m/s) (speed gradient of 
0.5 SN per mph (1.12 SN per m/s)). Unfortunately, 
McCullough and Hankins did not measure mean traffic 
speeds. If mean speeds were 50 mph (22 m/s), their 
Skid Number would agree closely with the 
reconunendation by Kummer and Meyer, i.e., a Skid 
Number of 37. 
Driver behavior studies by the Franklin Institute 
were sponsored by the National Cooperative Highway 
Research Program, Highway Research Board, under 
NCHRP Project 1-12(1), Pavement Friction Coefficients 
in Driving Tasks. A final report on the study has not 
been published. Findings should enhance the 
understanding of minimum frictional requirements for 
normal driving tasks under various roadway geometries, 
speeds, etc. 
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DATA ACQUISITION AND 
COLLATION 
Traffic Volumes 
Since traffic volumes vary with time, any 
measurement of volume not obtained at the time and 
location of eJch accident would not precisely represent 
the volume associated with the accident. In studies such 
as this, which cover a system throughout a state, that 
type of volume measurement is highly impracticaL The 
measurement of traffic volume which is generally 
available biennially is an annual average daily traffic 
(AADT). The AADT data for 1971 were used in these 
analyses. 
Friction Measurements 
Friction measurements were obtained using a 
Surface Dynamics Pavement Friction Tester (Model 
965A) developed by the General ;vtotors Proving Ground 
and manufactured by K. J. Law Engineers, Inc., Detroit, 
80 
CLASS f .TYPE r· BITUMIINOUS 
Michigan. This skid trailer complies with ASTM E 274 
(8). The measurements represent friction developed 
between a standard tesl tire (ASTM E 249) (9) and a 
wetted pavement. The locked-wheel measurements are 
expressed as Skid Numbers (SN); incipient or peak 
friction is expressed as Peak Slip Number (PSN). A 
description of the skid trailer and procedures applicable 
to the method of test were presented in a previous 
report ( JO). 
Meusuremcnts were obtained during the summer of 
197 1 on all rural, four-lane, interstate and parkway 
routes in Kentucky having a posted speed limit of 70 
mph (31 m/s). Tes\S were made in !he left wheel path 
only and at one-mile (0.4-m) intervals in each Jane; no 
less than five tests per lane were made on each 
construction project. The basic test speed was 70 mph 
(31 m/s). Additional tests were conducted on selected 
pavements at 40 mph (H� rn/s). Comparison between 
the Skid Numhers obtained at the two speeds are 
presented in Figure 5. 
PCC 
• 
I 70 0.. 
:::!!; 
0 60 
SN40 = 0.92 SN70 + 15 V· Es � 4.1 R = 0.934 SN40 = 1.17 SN70 + 9 Es = 2.a / R = 0.954 
._,. 
!;t 
a: 50 
w 
ID 
:::!!; 
:::::> 40 z 
0 
:>:: 30 (f) 
6 
• J( � / � 
./ � • :J� Jf 
W'" 
/ e  � � 
.. ... 
/ 
10 20 30 40 50 
SKID NUMBER AT 70 MPH 
60 0 10 20 30 40 50 
Figure 5. 
SKID NUMBER AT 70 MPH 
Correlation of Trailer Tests Conducted at 
40 and 70 mph (18  and 31 m/s) on 
Bituminous and Portland Cement 
Concrete Pavements on Interstate and 
Parkway Routes. 
Accident Information 
Accident data were obtained from State Police 
Records, computerized, and maintained by the 
Department of Public Safety. All accidents reported 
during the calendar years 1970, 197 1 ,  and 1972 were 
analyzed. Information available from the computer files 
for each accident is detailed in APPENDIX A. A 
summary of accidents on rural, four-lane, interstate and 
parkway routes is presented in Table 2. Accidents 
totaled 5907 ·- of which �3 14 occurred du<ing 
wet-surface conditions. 
From these accident records, many expressions of 
accident occurrence may be calculated. Rates of 
wet-surface accidents, dry-surface accidents, fatal and 
injury accidents, and total accidents (including property 
damage accidents) are commonly calculated. Expressions 
used in other investiiations have included ( 1 )  ratio of 
wet- to dry-surface accidents, {2) ratio of wet-surface 
to total accidents, (3) ratio of wet-surface, skidding 
accidents to total accidents, ( 4) wet-surface acci�ent:.. 
per 100 million vehicle miles, (5) total accidents per 
100 million vehicle miles, and (6) fatal and injury 
accidents per 100 million vehicle miles. 
Test Sections 
A test section is defined as 11a section of pavement 
of uniform age and uniform composition which has been 
subjected to essentially uniform wear along its length" 
(8). Almost all construction projects fit this definition. 
Inasmuch as the direction of travel for a vehicle involved 
in an accident was not given in the accident reports, 
sections included both directions of travel. There were 
1 1 0  test sections. These are summarized in APPENDIX 
B along with !971 AADT's and other relevant data. 
On rural, four-lane roadways, most traffic travels 
in the outer lanes (approximately 80-85 percent), and 
a large percentage of maneuvers begin or terminate 
there. The outer lane, left wheel-path Skid Numbers 
were averaged to characterize the skid resistance of the 
test sections. Distributions of these values, SN and PSN, 
for the 1 1 0 test sections are exhibited in Figures 6 and 
7, respectively. The relationship between SN and PSN 
is shown in Figure 8. Minimum, average, and maximum 
values for each test section are presented in APPENDIX 
B. 
Milepoints recorded in accident reports were used 
to describe the location of accidents to the nearest tenth 
of a mile (0. 16  km). The number of wet-surface 
accidents, dry-surface accidents, total accidents, and the 
ratios of wet- to dry-surface accidents and wet-surface 
to total accidents for each test section are presented 
in APPENDIX B. Rates of wet-surface accidents and 
total accidents, in terms of 1 00 million vehicle miles 
(total vehicle miles traveled under all pavement 
conditions), were calculated for each test section. These 
rates were based upon the lengths of sections and the 
1971 ADT1s. These values are also presented in 
APPENDIX B and pertain to accidents for a 3-year 
period. APPENDIX C is similar, but there the accident 
data spans 6-month periods (June through November). 
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SKID NUMBERS AND ACCIDENTS 
Analysis of Test Sections by Cross Classification 
To aid in determining the relationship between 
different combinations of traffic volume, Skid Numbers, 
and accidents, data for test sections were arrayed as 
shown in Table 3. Elements of the array are average 
wet-surface accident rates for all test sections within 
Skid Number and traffic volume categories. Similar 
arrays were prepared for other expressions of accident 
occurrence, including: (I) total accident rate, (2) ratio 
of wet·surface to total accidents, and (3) ratio of wet· 
to dry-surface accidents. Thes''' are presented in 
APPENDIX D. 
Analysis of the arrays led to the conclusion that 
the data needed to be stratified with respect to AADT 
to better define the relationship between accidents and 
pavement friction. Plots of wet-surface accident rate 
versus Skid Number for each test section (Figure 9a·d) 
further illustrate the need for sorting and grouping the 
data. Resulting relationships between accidents and 
pavement friction involving wet-surface accident rate are 
presented in Figure I Oa·d and similarly for other 
accident expressions in Figures l l a-d, 12a-d and 13a-d. 
Stratification of data by AADT' s showed improved 
relationship between accidents and Skid Numbers for 
some accident expressions, but not necessarily for other 
expressions. Although a trend was indicated for test 
sections with AADT's less than 4,000 vehicles per day, 
there was not sufficient data to justify separate analysis 
of sections with the low AADT's. Considerable 
variability in data remained after elimination of test · 
sections having AADT's less than 3,000 and 3,500. 
However, a trend of decreaseing wetMsurface accident 
rates with increasing Skid Numbers was ummistakable. 
Analysis of test section data continued, seeking 
that expression of accident occurrence relating best with 
pavement friction. This was accomplished by taking 
elements in the arrays as predicted values. Actual 
accident occurrences for each test section were then 
compared to this 11predicted" value to obtain deviations. 
This enabled computation of a coefficient of correlation 
for each accident expression. The correlation 
coefficients ranked the expressions in the following 
order: 
1 .  wet-surface accidents per 100 million vehicle 
miles, 
2. total accidents per 100 million vehicle miles, 
3 .  ratio of wet-surface to total accidents, and 
4. ratio of wet- to dry-surface accidents. 
The degree of correlation was not sufficiently 
encouraging to enable a decisive selection of the best 
expression. Analysis to determine the relationship 
between accident occurrence and pavement friction was 
therefore continued using all four expressions. 
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TABLE 3 
WET-SURFACE ACCIDENT RATES* 
NO OF TEST 
SECTIONS 16  24 1 9  25 26 1 1 0  94 70 
70-MPH AADT (VEHICLES PER DAY) 
(3 1 m/s) 
SKID 0 3001 4001 9001 14001 0 3001 4001 
NUMBER 3000 4000 9000 1 4000 24000 24000 24000 24000 
1970 
1 6  - 20 25.4 2 1 .3 24.6 24.6 24.6 
2 1  - 25 24.3 8.0 1 6.0 18.3 16 . 1  16.1 IS .3 
26 - 30 14.9 7.2 6.4 24.3 9.7 9.3 8.8 9.6 
31 - 35 15.3 1 6. 1  1 1 .6 IS .I  14.9 1 1 .6 
36 - 40 13.0 1 2.9 2.8 10.4 6.8 2.8 
41  - 50 0.0 22.9 IS .3 22.9 
1971 
16 - 20 28.3 1 5 .9 26.0 26.0 26.0 
21 - 25 27.6 9 . 1  1 3 .9 20.4 26.7 16.7 1 5 .6 
26 - 30 6.3 6.5 12.5 24.3 1 1 .6 10.3 10.7 12.8 
3 1  - 35  8.4 6.2 0.0 5.9 4.6 0.0 
36 - 40 2.0 25.9 18 .4 10.0 2 1 .4 18 .4 
4 1  - 50 0.0 5.8 3.9 5.8 
1972 
1 6  - 20 24.8 24.2 24.7 24.7 24.7 
21 - 25 42.8 19.4 20.7 26.1 24.5 24.5 22.6 
26 - 30 27.6 15 .3 1 7.7 44.5 17.7 19.0 18 .2 19.6 
31 - 35 9.2 18 . 1  6.3 1 3 .2 1 5.2 6.3 
36 - 40 38.7 1 1 .8 7.7 26.5 9.4 7.7 
41 - 50 0.0 1 1 .3 7.5 1 1 .3 
1970 - 1972 
16 - 20 26.2 20.5 25.1  25.1  25 .1  
2 1  - 25 31.6 12.2 16.9 2 1 .6 19 . 1  19 . 1  17.8 
26 - 30 1 6.3 9.7 12.2 3 1 .0 13 .0 12.9 12.6 14.0 
3 1  - 35 1 1 .0 1 3.5 6.0 1 1 .4 1 1 .6 6.0 
36 - 40 17.9 1 6.8 9.6 1 5.7 12.5 9.6 
41 - 50 0.0 13 .3 8.9 13 .3 
*Accidents per I 00 million vehicle miles 
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Analysis of Test Sections by Averaging Techniques 
Three averaging methods were used to reduce 
variability and, thereby, to more clearly demonstrate 
general relationships already apparent in the data sets 
with and without volume stratifications. A discussion 
of these methods and the resulting trends follow. 
Cumulative Averages. Two techniques were used to 
calculate cumulative averages. The first involved 
calculating the average of each expression for accident 
occurrence for all test sections having a Skid Number 
less than or equal to a given value. The second procedure 
involved calculating average accident occurrence -- for 
-', each method of expression -- of all test sections having 
a Skid Number greater than a given value. These average 
values are plotted in Figures 14a-c, 15a-c, 1 6a-c, and 
17a-c. 
In the first procedure of calculating averages, 
accident rates for low Skid Numbers had the greater 
influence upon the average value obtained. Extreme 
values of the expressions for accident occurrence for a 
test section at high Skid Numbers were attenuated 
through division by the large number of test sections 
with lower Skid Numbers. Thus, the second procedure, 
which yielded opposite weightings, was necessary to 
verify the trends and to insure that large deviations at 
high Skid Numbers were not being masked by the 
averaging process. The resulting trends were reasonably 
similar for wet-surface accident rate and total accident 
rate. For other expressions, the trend lines were not as 
similar; and the data points were quite scattered. 
Wet-surface accident rate decreased as the Skid Numbers 
increased to approximately 28; further increase in Skid 
Numbers resulted in only slight reduction in accidents. 
Since the trends were similar, and because of the 
ranking of accident expressions discussed previously, 
subsequent analyses were restricted to wet-surface 
accidents per 100 million vehicle miles as the method 
of expressing accident occurrences. 
Average Wet-Surface Accident Rates Grouped by 
Skid Number. In the second method, test sections were 
grouped by Skid Number. The average wet-surface 
accident rate was calculated for each group. These 
averages are plotted in Figure 1 8a-c. Again the trend 
indicated a rapidly decreasing accident rate with 
increasing Skid Numbers up to about 27. The variability 
was greater than that obtained by the first method 
because several groups included only one or two test 
sections, each having equal weighting as groups 
containing a larger number of test sections. Still, the 
trends by the two methods were very similar. 
Moving Averages. The third method involved 
calculation of an average wet-surface accident rate and 
an average Skid Number for progressively·ordered sets 
of five test sections. The first average was of the five 
! 8  
test sections with the lowest Skid Numbers. The test 
section with the lowest Skid Number was then dropped, 
and a test section with the next highest Skid Number 
added. This was repeated until all test sections had been 
averaged in a group of flve. In cases where more than 
one test section had the next highest Skid Number, one 
of these was randomly added each time. Test sections 
were dropped in the same sequence as they were added. 
Resulting averages are plotted in Figure 19a-c. 
The trend was similar to those dev.eloped by the 
previous two methods. However, this method indicated 
a more distinct change in the slopes of tl1f:_ two branches 
of the curve. At a Skid Number below 27, the 
wet-surface accident rate increased by two to three 
accidents per 100 million vehicle mifes per Skid Number, 
whereas above 27 the wet-surface accident rate 
decreased nominal1y. 
The foregoing analysis here involved accident data 
for the entire 3 years while skid resistance was measured 
in the summer and fall of 1971 .  Pav,ements, of course, 
exhibit lower friction in the summer and fall, but the 
measured values may not be assumed to necessarily 
represent the lowest friction during the year for a 
particular pavement nor for the road system as a whole. 
The rapid change in the slope of the curves in Figure 
19a-c, for instance, may occur at some higher or lower 
Skid Number depending on when measurements are 
made. If accident data were subdivided into subsets for 
two periods of the year and the measured values 
reflected the mean Skid Number for each period, the 
rapid change in the slope would then be expected to 
occur at the same Skid Number provided driver behavior 
remained the same throughout the year. Since skid 
resistance values were not available for the winter-spring 
period, Figure 20 a-c was prepared to show the 
relationship between wet-surface accident rate and 
pavement friction for summer-fall period. In contrast to 
Figure 19a-c, a slightly higher Skid Number at which 
the accident rate increased rapidly is evident. The data, 
however, are more scattered presumably due to the 
reduced data base (less than half of all wet-surface 
accidents). A shift towards a higher Skid Number would 
be anticipated because the accident rates associated with 
the 3-year period were related to friction values which 
were lower than the mean friction fur a full year. Due 
to greater scatter of data in Figure 20a-c, trends 
established in Figure l9a-c must be accepted as the 
better indication of the relationship between accidents 
and pavement friction even though the accident data 
in Figure 20a-c more closely correspond to the measured 
skid resistance. 
Wet-surface accident rates were calculated for I 00 
million miles of total travel under all pavement 
conditions rather than wet-surface travel mileage. The 
true accident rate for wet-surface conditions would be 
several times higher since pav-..'ments were wet only 1 3  
percent of the time. Also, as shown in Table 4, 
precipitation during the June-to-November periods were 
substantially less than for the winter-spring periods. Yet, 
the wet-surface accident rates for 1 970 and 1971 were 
higher during the June-to-November periods. 
Precipitation occurrences in 1 972, especially during 
winter-spring, was substantially more than for the two 
preceding years. If precipitation for the two 6-month 
periods (during 3 years) were the same, the wet-surface 
accident rate of 19.5 (June to November) would be 25.2 
compared to 1 9.3 for winter-spring periods. Therefore, 
lower skid resistance of pavements during summer and 
fal1 obviously contributed to an increase in wet-surface 
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PEAK SLIP NUMBERS AND 
ACCIDENTS 
As discussed previously, there is a need to analyse 
different measurements of pavement friction to 
determine which correlates the best with accident 
experience. The peak friction force was measured 
routinely during all tests; thus these data were available 
for analysis. Test section averages were arrayed as shown 
before. Peak Slip Numbers (PSN) were substituted for 
Skid Numbers. The arrays again indicated the 
desirability for sorting the data by AADT. Wet-surface 
accident rates again appeared to be the best expression 
for accident occurrence. Test sections were grouped by 
Peak Slip Number, and average wet-surface accident 
rates were calculated for each Peak Slip Number as 
shown in Figure 21 a-c. The plots indicate more scatter 
than was obtained with Skid Numbers (Figure !Sa-c) 
and may be due to each data point representing fewer 
test sections. The greatest change of slope occurred at 
a Peak Slip Number of about . 57. Similar results were 
obtained utilizing the five-point moving average, as 
shown in Figure 22a-c. Stratification of data by AADT 
at 3,000 and 3,500 vehicles per day minimized scatter, 
but the change in slope remained at the same Peak Slip 
Number. 
The point of greatest change in slope of curves in 
Figure 22a-c was at Peak Slip Number of 57 and in 
Figure 19a-c at Skid Number of27. According to Figure 
8, a PSN of 57 is equivalent to SN of approximately 
27. Scatter of the data in Figure 19a-c in comparison 
to Figure 22a-c also appear to be similar and, therefore, 
suggests that both measurements of friction relate 
equally well to accident occurrence. This was somewhat 
unexpected because of the inherent measurement and 
chart analysis errors associated with peak slip resistance 
(PSN) determination. Peak slip resistance occurs for a 
very brief period of time during wheel lock-up, and the 
measurement represents a much shorter length of 
pavement than the locked-wheel test (SN). For that 
reason, poor agreement between SN and PSN in Figure 
8 was credited largely to inaccuracies in PSN. If such 
a conclusion is valid, some of the scatter of data in 
Figure 22a-c may be due to errors in PSN. In that event, 
Peak Slip Number may correlate best with accident 
experience. 
SUMMARY AND CONCLUSIONS 
On rural, four-lane, interstate and parkway 
(expressway) facilities, wet-surface accidents per 100 
million vehicle miles correlated best with skid resistance. 
Even using the best statistical expression of accidents, 
26 
scatter and spurious variability in data seem inevitable. 
Stratification of the data by AADT's minimized scatter. 
Averaging methods as a means of developing trends and 
minimizing scatter between variables were used in the 
study. Of the averaging methods investigated, the 
11moving average1 1  yielded more definitive results. 
Definite trends were established in regard to the 
relationship between wet-surface accident rates and Skid 
Numbers (Figure !9a-c). Wet-surface accident rate 
decreased rapidly as the Skid Number (70 mph) 
increased to 27; further increases in Skid Number 
beyond this point resulted in only a slight reduction 
in accident rate. The analysis here involved accident data 
throughout the year (3-year period) while skid 
resistances were measured in the summer and fall (197 1 )  
when pavements normally exhibit lower friction values. 
As expected, analysis of the accident data for 6-month 
periods (June to November) (Figure 20a-c) indicated a 
slightly higher friction. The data, however, were more 
scattered due to the reduced data base. 
Wet-surface accident rates for 2 of the 3 years 
considered in this study were higher during the 
summer-fall periods (Table 4) even though the roads 
were wet a lesser proportion of time. When adjusted 
to equal time of precipitation during December to May 
and June to November, wet-surface accident rates for 
the summer-fall periods were higher for all 3 years. 
Lower skid resistance of p::vements during summer and 
fall obviously contributed to an increase in wet-surface 
accidents. 
Definite trends were also evident between 
wet-surface accident rates and Peak Slip Numbers. The 
greatest change in slope of the trend lines (Figure 22a-c) 
occurred at a PSN70 of about 57. Scatter of data was 
no worse than that for Skid Numbers. This was 
somewhat unexpected because of the inherent 
measurement and"·chart analysis errors associated with 
peak slip resistance determinations. A Peak Slip Number 
of 57 is equivalent to a Skid Number of approximately 
27 (Figure 8); and, as shown in Figure l9a-c, a SN70 
of 27 also corresponds to the greatest change in slope 
of trend lines. This suggests that either the correlation 
between the two friction measurements overshadowed 
any subtle differences that may exist between accidents 
and either measurement of friction or that both skid 
and slip resistance are equally valid indexes of pavement 
friction. 
It should be reemphasized that the findings cited 
here pertain to rural, four-lane, limited access, 
expressway type highways with posted speeds of 70 mph 
(3 1 m/s) and that no consideration was given in the 
analysis to geometries of roadways nor to points of 
traffic conflicts. High accident or repeat accident 
locations certainly warrant further study to determine 
what variables or combination of variables may 
contribute to wet-surface accidents. Nevertheless, it was 
demonstrated that there is a relationship between 
accident experience and pavement friction; this 
relationship should be utilized as a guide in establishing 
minimum friction requirements for pavements. The 
established trends, relating wetusurface accident rates 
with skid resistance, indicated a definite value of skid 
resistance below which the accident rate increased 
rapidly. Also, the methods described herein may be used 
in future analyses to establish skid resistance 
requirements for other types of highways. 
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Figure 2lb. Average Wet-Surface Accident Rate of 94 
Test Sections -- Grouped by Peak Slip 
Number -- Versus Peak Slip Number with 
Volume Stratification at AADT of 3,000 . 
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TABLE 4 
SEMIANNUAL ACCIDENT SUMMARY 
NUMBER OF ACCIDENTS RATIO OF ACCIDENTS ACCIDENT RATES* 
YEAR PERIOD PRECIPITATION 
TOTAL DRY-SURFACE WET-SURFACE WET/TOTAL WET/DRY TOTAL DRY WET (PERCENT)** 
1970 Jan-May, Dec 965 476 I66 0.17 0.35 92.3 45.6 15.9 13 
Jun-Nov 879 645 221 0.25 0.34 66.9 49.1 16.8 IO 
1971 Jan-May, Dec 948 5 I I  I60 0.17 0.31 90.7 48.9 15.3 13 
Jun-Nov 938 676 229 0.24 0.34 71.4 5 1 . 5  17.4 I O  
1972 Jan-May, Dec 1029 542 280 0.27 0.52 98.5 51.9 26.8 I8 
Jun-Nov 1 1 48 838 278 0.24 0.33 87.4 63.8 21.2 I2 
1970- Jan-May, Dec 2942 1529 606 0.21 0.40 93.8 48.8 19.3 IS 
1972 Jun-Nov 2965 2159 728 0.25 0.34 75.3 54.8 18.5 I I  
*Accidents per 100 million vehicle miles (all pavement conditions). 
**Percent of total time of precipitation (trace ur more) in the Lexington area. 
Periods of snow or ice not included. 
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APPENDIX A 
ACCIDENT RECORD FORMAT AND CODING 
3 1  

Col. 1-5 
Col. 6 
Col. 7 
Col. 8 
Col. 9-12 
ACCIDENT CODE GUIDE 
Code the case number as given on 
the accident report. 
TYPE OF HIGHWAY 
I. State and Federal Highway 
3 .  County and Local Roads 
INVESTIGATED 
5 .  Investigated by other than 
State Police 
7. Investigated by State Police 
9. Not Investigated 
TYPE OF ACCIDENT 
0. Pedestrian 
1 .  Other motor vehicle 
2. Railroad train 
3. AnimalQdrawn vehicle 
4. Bicycle 
5 .  Animal 
6. Fixed Object 
7. Overturned in roadway 
8. Ran off roadway 
9. Other non-collision 
This column shows the type of 
accident. For example, two motor 
vehicles that collide would be coded 
as No. 1 ,  one car that ran off 
roadway would be coded as No. 8, 
etc. 
ROUTE NO. 
Record the exact numerical 
designation of the highway making 
sure that the last digit of the 
highway number goes in Col. 12.  
When the highway has a direction 
designation, i.e. 3 1  W the direction 
should be coded in Col. No. 9 as 
follows: 
1 North 
2 
3 
4 
East 
South 
West 
Highway No. 3 1 E  would be coded 
as follows: 
In Column #9, a code number for 
East, (2), then put an (0) in Column 
#10, a (3) in Column #1 1 ,  and a 
( 1) in Colunm #12. In cases where 
the numerical designation of the 
highway does not fill the given 
columns, the ones not used ,will 
have an 0 in them. 
CODE 
9064 
9065 
9264 
9071 
9075 
0000 
9000 
9001 
9002 
9003 
9004 
0025 
0025 
0025 
2025 
4025 
0027 
2031 
4031 
5041 
0060 
0061 
0001 
0017 
0004 
0155 
0008 
Col. 13-14 
Col. 1 5  
Col. 1 6  
Col. 17-20 
Col. 21-23 
1-64 
1-65 
INTERSTATES 
l-204 � Waterson Expressway 
1-71 
1-75 
TURNPIKES AND/OR 'rOLL RDS. 
Kentucky Turnpike 
Eastern Ky. Turnpike - Mountain 
Pkwy. 
Western Ky. Turnpike 
Central Ky. Turnpike - Blue Grass 
Pkwy. 
Pennyrile Parkway 
Jackson Purchase Parkway 
U. S. HIGHWAYS 
US 25 - Dixie Highway, Kenton Co. 
US 25 - Winchester, Madison Co. 
US 25 - Richmond Road 
US 25E 
US 25W 
US 27 - Nicholasville Road 
US 3 1  E - Bardstown Road 
US 31W - Dixie Highway 
US 41A 
US 60 - Fayette Co. 
US 61 . Preston Highway 
KENTUCKY HIGHWAYS 
Highways #1 , etc. 
Ky 1 7  LLL 
Ky 4, Beltline in Lexington, Ky. 
Ky ! 5 5 ,  Taylorsville Road 
Mary Ingles Highway 
MILES 
TENTHS OF MILES 
RECORD DIRECTION 
1 .  North 
2. East 
3.  South 
4. West 
CITY CODE 
City code is found in code index. 
COUNTY CODE 
County Code is found in code 
index. 
33  
Col. 24 
Col. 25-26 
Col. 27 
Col. 28-29 
34 
RURAL - URBAN 
C-ode the population of the city 
L 2,500 l 0,000 
2. 1 0,000 25,000 
3. 25,000 50,000 
4. 50,000 l 00,000 
5. 1 00,000 250,000 
6. 250,000 and over 
8. All rural accidents 
This includes all accidents 
happening in cities of less than 
2500 population. 
CODE TIME OF DAY 
00. Midnight to 1 2 : 59 a.m. 
(0001-0059) 
0 1 .  1 :00 a.m. to 1 :59 a.m. 
02. 2 :00 a.m. to 2:59 a.m. 
03. 3 :00 a.m. to 3:59 a.m. 
04. 4:00 a.m. to 4:59 a.m. 
05. 5 :00 a.m. to 5 :59 a.m. 
06. 6:00 a.m. to 6:59 a.m. 
07. 7 :00 a.m. to 7:59 a.m. 
08. 8:00 a.m. to .8:59 a.m. 
09. 9:00 a.m. to 9 : 59 a.m. 
10. 10:00 a.m. to 10:59 a.m. 
l L  1 1 :00 a.m. to 1 1 :59 a.m. 
12. 1 2 :00 noon to 1 2 : 5 9  p.m. 
1 3 .  I :00 p.m. to I :59 p.m. 
14. 2 :00 p.m. to 2 :59 p.m. 
1 5 .  3:00 p.m. to 3 : 59 p.m. 
16. 4:00 p.m. to 4:59 p.m. 
17. 5 :00 p.m. to 5 : 59 p.m. 
18. 6:00 p.m. to 6:59 p.m. 
19. 7:00 p.m. to 7 : 59 p.m. 
20. 8:00 p.m. to 8 : 59 p.m. 
2L 9:00 p.m. to 9 : 59 p.m. 
22 .. 10:00 p.m. to 10:59 p.m. 
23. I 1 :00 p.m. to I I  :59 p.m. 
24. 1 2 :00 midnight 
00 or 24 is exactly midnight 
DAY OF WEEK 
L Sunday 
2. Monday 
3. Tuesday 
4. Wednesday 
5 .  Thursday 
6. Friday 
7. Saturday 
DAY OF MONTH 
Code the exact day of month. 
Example: 
Accident on 22nd day of 
month - 22 
Accident on 7th daY of month 
- 07 
Col.· 30-31 
Col. 32 
Col. 33 
Col. 34 
Col. 35 
Col. 36-37 
& 
7 1 -72 
MONTH 
0 1 .  January 
02. February 
03. March 
04. April 
05. May 
06. June 
07. July 
08. August 
09. September 
10. October 
1 1 .  November 
12.  December 
YEAR 
Code the last digit of the year 
SEVERITY 
0: Fatal Accident 
L Non-Fatal (Injury) 
3. Property Damage 
KJND OF ROAD 
1 .  driving lane 
2. 2 driving lanes 
3. 3 driving lanes 
4. Four lanes or more 
5. Divided Roadway 
6. ExpressWay, toll road 
Parkway 
7. Unpaved, any width 
8. Not Stated 
KIND OF LOCATION 
I .  Built Up 
2. Not Built Up 
3.  Not Stated 
VEHICLE ACTION 
0 I .  Go straight abe ad 
02. Overtake 
03. Make right turn 
04. Make left turn 
05. Make U turn 
06. Slow or stop 
07. Start in traffic lane 
08. Start from parked 
09. Backing up 
1 1 .  Remain parked 
12. Other 
1 3 .  Not Stated 
14. Car in motion (Driverless) 
Col. 38-39 
Col. 40 
Col. 41 
Col. 42 
Col. 43 
Col. 44 
Col. 45-46 
PEDESTRIAN ACTION 
0 1 .  Crossing or entering at an 
intersection 
02. Crossing or entering not at 
intersection 
03. Getting on or off vehicle 
04. Walking with traffic 
05. Walking against traffic 
06. Standing 
07. Push, work on vehicle 
08. Other wOrking 
09. Playing 
10.  Other 
1 1 .  Not in roadway 
12.  Not stated 
ROAD CHARACTER 
I .  Level 
2. On grade 
3. On hill crest 
4. Not stated 
1 .  Straight road 
2. Curve 
4. Not stated 
I .  Intersection 
2. Alley or driveway 
3. Railroad 
4. Other or not stated 
ROAD SURFACE 
I .  Dry 
2. Wet 
3. Snowy or icy 
4. Other and not stated 
LIGHT 
I .  Daylight 
2. Dawn or dusk 
3. Darkness 
4. Not stated 
TRAFFIC CONTROL 
0 1 .  Stop sign 
02. Stop and go signal 
03. Officer or watchman 
04. Railroad gates or signals 
OS. Yield sign 
06. Flash becaon 
07. Center line 
08. No passing zone 
09. Curve sign 
10. Speed zone 
1 1 .  Advisory speed sign 
12.  Other 
Col. 47 
Col. 48-49 
ROAD DEFECTS 
1 .  Defective shoulders 
2. Holes, deep ruts, bumps 
3. Loose materials on surface 
4. Road under construction 
5. Specify other 
6. No defects 
7. Not stated 
DIRECTIONAL ANALYSIS 
PEDESTRIAN ACCIDENTS 
0 I .  Car going straight 
02. Car turning right 
03. Car turning left 
04. Car backing 
OS. All others 
06. Not stated 
INTERSECTION. TWO 
VEHICLES 
07. Entering at angle 
08. From same direction - both 
going straight 
09. From same direction one 
turn, one straight 
10. From same direction one 
stopped 
I I .  From same direction all 
others 
12.  From opposite direction - both 
going straight 
I3 .  From opposite direction - one 
left turn, one straight 
14. From opposite direction - all 
others 
1 5 .  From opposite direction - not 
stated 
NON-INTERSECTION, TWO 
VEHICLES 
16.  Going opposite direction 
both moving 
17.  Going same direction - both 
moving 
18. One car parked 
19. One car stopped in traffic 
20. One car entering parked 
position 
2 1 .  One car leaving parked 
position 
22. One car entering alley or 
driveway 
23. One car leaving alley or 
driveway 
24. All others 
25. Not stated 
35 
Col. 50&73 
Col. 5 1-52 
& 
74-75 
Col. 53&76 
Col. 54-55 
& 
77-78 
3 6  
ALL OTHER ACCIDENTS 
26. Collision with non-motor 
vehicle, train, streetcar, 
30. 
27. 
3 1 .  
28. 
32. 
bicycle, etc., at intersection 
Same - not at intersection 
Collision with fixed object in 
roadway at intersection 
Same - not at intersection 
Overturned in roadway at 
intersection 
Overturned in roadway not at 
intersection 
29. Left roadway at intersection 
33. Left roadway at curve - not at 
intersection 
34. Left roadway on straight road 
not at intersection 
35. Fell from moving vehicle 
36. All others 
37. Not stated 
DRIVER RESIDENCE 
1 .  Local Resident 
2. Residing elsewhere in state 
3. Non-resident of state 
4. Not stated 
VIOLATION 
01.  Speeding 
02. Under influence or ability 
impaired 
22. Not impaired 
03. Passing on hill 
04. Ran stop sign 
05. Other improper passing 
06. Passing on curve 
07. On wrong side of road 
08. Following too closely 
09. Failure to yield right of way 
10. Inattentive 
1 1 .  Failure to signal 
12. Other - Public Drunks 
13. No operator license 
14. Not stated 
15 .  Hit and run 
16. Racing 
17. Reckless driving 
DRIVER CITED 
If driver is cited - code 1 1011 
AGE OF DRIVER 
0 I. 1 5  and under 
02. 1 6  
03. 17 
04. 18-19 
05. 20-24 
06. 25-34 
CoL 56 & 
79 & 68 & 
91 & 98 
CoL 57 & 
80 & 69 & 
92 
CoL 58 & 
70 & 8I & 
93 & 99 
CoL 59 & 82 
CoL 60 & 83 
CoL 61-62 
& 
84-85 
07. 35-44 
08. 45-54 
09. 55-64 
10" 65-74 
1 1 .  75 and over 
12. Not stated 
SEX 
0. Male 
1 .  Female 
SAFETY BELTS 
5 .  No safety belt in  vehicle 
7. Safety belt in vehicle in use 
9. Safety belt in vehicle not in 
use 
INJURY 
I .  K - Death 
2 .  A - Bleeding wound, distorted 
member, or had to be carried ' 
from scene. 
3. B - Other visible injury as 
bruises, abrasions, swelling, 
limping and etc. 
4. C - No visible injury, but 
complaint of pain. 
LICENSE TYPE 
0. Licensed in state operator 
1 .  Licensed in state beginner 
2. Licensed in state �hauffeur 
3. Resident - No license 
4. Non-resident - License in other 
state 
5.  Non-resident - No license 
6. Resident - Licensed in other 
state 
7. Not stated 
LICENSE STATE 
0. Kentucky 
1 .  Illinois 
2 .  Indiana 
3" Ohio 
4. West Virginia 
5. Tennessee 
6. Virginia 
7. Missouri 
9. Other states and not stated 
VEHICLE TYPE 
0 1 .  Passenger car 
02. Passenger car and trailer 
03. Truck or truck-tractor 
04. Truck-tractor and semi-trailer 
05. Other truck combination 
Col. 63 & 86 
Col. 64 & 87 
Col. 64 & 88 
Col. 66-67 & 
89-90 & 96-97 
06. Farm tractor and/or farm 
equipment 
07. Taxicab 
08. Bus 
09. School Bus 
l 0. Motorcycle 
I I . Motor-scooter or motor-bike 
1 2 .  Other and not stated 
1 3 .  Emergency vehicle (including 
privately owned) 
14. Military vehicle 
1 5 .  Other publicly owned vehicle 
16. Go cart 
1 7 .  Bicycle 
When a bicyclist is involved in 
an accident, injured or killed, 
code in (Inj. #2) Column 89 
through 93. Do not code as a 
driver or vehicle but code 
vehicle type (Col. 84-84) as a 
I 7.  
Always code as passenger 
number two. 
VEHICLE 
REGISTRATION 
STATE 
Same code as license state, Column 
60. 
VEHICLE DEFECTS 
0. Defective brakes 
I .  Improper lights 
2.  Defective steering 
3. Defective tires 
4. Puncture or blow out 
5.  No trailer brakes 
6. No defects 
7.  Not stated 
INJURY - LOCATION IN CAR 
0. Driver 
I .  Passenger - front seat 
2.  Passenger - back seat 
3. Passenger outside 
4. Pedestrian 
5 .  All others - not stated 
AGE OF INJURED 
0 1 .  0-4 years old 
02. S-9 yeo<• old 
03. I 0-I 4 years 
04. I 5-19 years 
05. 20-24 years 
06. 25-34 years 
07. 35-44 years 
08. 45-54 years 
09. 55-64 years 
Col. 94 
Col. 95 
Col. 1 00- 1 0 1  
Col. 102-105 
Example: 
Col. 
.I miles 
1 . 1 miles 
1 1 . 1  miles 
1 1 1 . 1  miles 
Col. !06 
Col. 107 -I 08 
10. 65-74 years 
1 1 . 75 and over 
1 2 .  Not stated 
PEDESTRIAN VIOLATION 
If pedestrian arrested, code "0'' 
I. Public drunk 
Post - Blank 
MILEPOST MARKER 
102 
0 
I03 
0 
0 0 
0 
AID 
Must be Alpha 
TRAILERS 
104 
0 
!OS 
Show number of cards on each 
accident using No. 0 1 ,  02, 03, 04, 
etc., using No. 01 on first card in 
case there is a trailer. 
3 7  
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APPENDIX D 
TOTAL ACCIDENTS 
RATIO OF WET-SURFACE TO TOTAL ACCIDENTS 
RATIO OF WET- TO DRY-SURFACE ACCIDENTS 
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TOTAL ACCIDENT RATES* 
NO OF TEST 
SECTIONS 1 6  24 1 9  25 26 1 10 94 70 
70-MPH AADT (VEHICLES PER DAY) 
(31 m/s) 
SKID 0 3001 4001 9001 1 4001 0 3001 4001 
NUMBER 3000 4000 9000 14000 24000 24000 24000 24000 
1 970 
1 6  - 20 95.1 86.3 93.5 93.5 93.5 
21 - 25 1 13.7 46.6 66.6 87.8 75.2 75.2 7 1 .2 
26 - 30 100.1 53.7 47.4 76.8 69.5 62.9 59.3 62.1 
3 1  - 35 5 1 .2 77.0 58.0 65.3 72.3 58.0 
36 - 40 84.7 48.0 41.5 67.8 44.1 4 1 .5 
41 - 50 0.0 82.4 54.9 82.4 
1971 
1 6  - 20 95.8 87.1 94.3 94.3 94.3 
21 - 25 78.8 41 .9 86.0 85.8 77.0 77.0 76.9 
26 - 30 47.3 70.9 68.5 68.7 76.6 70.2 72.4 73.1 
31 - 35 82.3 60.3 31.4 62.8 53.1 3 1 .4 
36 - 40 49.0 82.1 35.3 5 1 . 1  54.0 35.3 
41 - 50 0.0 76.2 50.8 76.2 
1972 
16 - 20 96.1 97.0 96.3 96.3 96.3 
21 - 25 109.9 58.1 9 1 . 1  104.1 9 1 .6 91.6 89.7 
26 - 30 74.2 75.9 75.5 137.5 72.1 77.0 77.3 78.0 
3 1  - 35 6 1 .4 88.2 82.0 78.2 86.6 82.0 
36 - 40 1 16.0 90.5 50.9 95.5 66.7 50.9 
41 - 50 474.4 64.9 201 .4 64.9 
1 970 - 1972 
16 - 20 95.7 90.1 94.7 94.7 94.7 
2 1  - 25 100.8 48.9 8 1.3 92.6 8 1 .3 8 1 .3 79.3 
26 - 30 73.8 66.& 63.8 94.3 72.7 70.0 69.7 71 . 1  
31  - 35 65.0 75.2 57.1 68.8 70.7 57.1 
36 - 40 83.2 73.5 42.5 7 1 .4 54.9 42.5 
41 - 50 158.1 74.5 102.4 74.5 
*Accident per I 00 million vehicle miles 
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RATIO OF WET-SURFACE TO TOTAL ACCIDENTS 
NO OF TEST 
SECTIONS 1 6  24 1 9  25 26 1 10 94 70 
70-MPH AADT (VEHICLES PER DAY) 
(3 1 m/s) 
SKID 0 3001 4001 9001 14001 0 3001 4001 
NUMBER 3000 4000 9000 14000 24000 24000 24000 24000 
1970 
16 - 20 0.26 0.26 0.26 0.26 0.26 
2 1  - 25 0.14 0 . 18  0.24 0.19 0.20 0.20 0.21 
26 - 30 0. 1 5  0 . 13  0. 1 3  0.32 0.14 0. 1 5  0. 1 5  0.16 
31 - 35 0.45 0 . 15  0.17 0.24 0 . 15  0 . 17  
36 - 40 0.14 0.58 0. 1 1  0.21 0.30 0. 1 1  
41  - 50 0.25 0.25 0.25 
1971 
16  - 20 0.25 0.18 0.24 0.24 0.24 
2 1  - 25 0.33 0.24 0 . 15  0.23 0.21 0.21 0.20 
26 - 30 0.25 0 . 13  0.13 0.35 0.16 0 . 16  0.15 0. 16 
31  - 35 0 . 16  0.10 0.0 0.10 0.07 0.0 
36 - 40 0.03 0.60 0.55 0.25 0.57 0.55 
41 - 50 0.07 0.07 0.07 
1 972 
16 - 20 0.24 0.24 0.24 0.24 0.24 
21 - 25 0.39 0.35 0.22 0.25 0.27 0.27 0.26 
26 - 30 0.41 0.21 0.21 0.32 0.23 0.24 0.22 0.23 
3 1  - 35 0. 1 5  0.18 0.08 0 . 15  0 . 16  0.08 
36 - 40 0.30 0.14 0 . 13  0.23 0. 14 0 . 13  
4 1  - 50 0.0 0 . 18  0 . 12  0 . 18  
1970 - 1972 
16 - 20 0.26 0.22 0.25 0.25 0.25 
2 1  - 25 0.29 0.24 0.21 0.22 0.23 0.23 0.22 
26 - 30 0.2 1 0 . 16  0.17 0.33 0.17 0 . 18  0 . 18  0.18 
31  - 35 0 . 19  0 . 16  0. 1 1  0 . 16  0 . 15  0. 1 1  
36 - 40 0.20 0.3 1 0.22 0.22 0.26 0.22 
4 1  - 50 0.0 0 . 17  0. 1 1  0.17 
5 0  
RATIO OF WET- TO DRY-SURFACE ACCIDENTS 
NO OF TEST 
SECTIONS 1 6  24 1 9  25 26 1 1 0  94 70 
70-MPH AADT (VEHICLES PER DAY) 
(31  m/s) 
SKID 0 3001 4001 9001 14001 0 3001 4001 
NUMBER 3000 4000 9000 14000 24000 24000 24000 24000 
1 970 
1 6  - 20 0.54 0.44 0.52 052 052 
2 1  - 25 0.69 0.40 0.50 0.44 0.48 0.48 0.45 
26 - 30 0.19 0.23 0.22 050 0.25 0.24 0.25 0.26 
3 1  - 35 0.56 0.33 0.37 0.40 0.34 0.37 
36 - 40 0.23 0.25 0 . 17  0.21 0 . 19  0. 17 
4 1  - 50 0.49 0.49 0.49 
1971  
1 6  ' 20 0.54 0.32 0.50 050 050 
21 - 25 055 0,52 0.27 0.45 0.41 0.41 0.39 
26 - 30 0.50 0.20 0,35 0.67 0.26 0.30 0.28 0.32 
3 1  - 35 0.55 0.24 0.0 0.31 0.18 0.0 
36 - 40 0.04 0.33 2.78 0.89 2 . 1 6  2.78 
41 - 50 0.08 0.08 0.08 
1972 
1 6  - 20 0.44 0.43 0.44 0.44 0.44 
2 1  - 25 1 .47 0.90 0.40 0.43 0,61 0.6 1 0.52 
26 - 30 0.75 0.34 0.46 052 0.42 0.44 0.41 0.44 
3 1  - 35 0.21 032 0.50 0.3 1 0.37 0.50 
36 - 40 0.68 050 0.26 0.54 0.35 0.26 
41 - 50 0,0 0.29 0 . 19  0.29 
1970 - 1972 
16 - 20 0.50 OAO 0.48 0.48 0.48 
21 - 25 1 . 1 5  0.45 0,37 0.40 0.47 0.47 0.40 
26 - 30 0.29 0.22 0,31 0.55 0.27 0.28 0.27 0.30 
3 1  - 35 0.30 0.27 0.27 0.28 0.27 0.27 
36 - 40 0.3 1 1 .36 038 0.50 0.78 038 
41 - 50 0,0 0.26 0.18 0.26 
5 1  

